Introduction
In 2011, the CDF collaboration confirmed the X(4140) in the B ± → J/ψ φK ± decays produced in pp collisions at √ s = 1.96 TeV with a statistical significance greater than 5 σ, and observed an evidence for the X(4274) with approximate significance of 3.1 σ. The measured mass and width are 4274.4
+8.4
−6.7 ± 1.9 MeV and 32.3
+21.9
−15.3 ± 7.6 MeV, respectively [1] . In 2013, the CMS collaboration observed an evidence for a second peaking structure (which is consistent with the X(4274)) besides the X(4140) with the mass 4313.8 ± 5.3 ± 7.3 MeV and width 38 +30 −15 ± 16 MeV respectively in the B ± → J/ψ φK ± decays produced in pp collisions at √ s = 7 TeV collected with the CMS detector at the LHC [2] .
In 2016, the LHCb collaboration performed the first full amplitude analysis of the decays B + → J/ψφK + with a data sample of 3fb −1 of pp collision data collected at √ s = 7 and 8 TeV with the LHCb detector, and confirmed the two old particles X(4140) and X(4274) in the J/ψφ mass spectrum with statistical significances 8.4σ and 6.0σ, respectively, the measured masses and widths are X(4140) : M X = 4146.5 ± 4.5 
Furthermore, the LHCb collaboration determined the spin-parity-charge-conjugation of the X(4140) and X(4274) to be J P C = 1 ++ with statistical significances 5.7σ and 5.8σ, respectively for the first time [3, 4] , which rules out the 0 −+ molecule assignment, and it is consistent with our previous work [5] .
There have been several possible assignments, such as the color sextet-sextet type cscs tetraquark state [6, 7, 8] , the conventional orbitally excited state χ c1 (3P) [9, 10] , the color triplet-triplet type 1 √ 6 (uū + dd − 2ss)cc tetraquark state [11] , etc. In Ref. [12] , L. Maiani, A. D. Polosa and V. Riquer take the mass of the X(4140) as input parameter, and obtain the mass spectrum of the scsc tetraquark states with positive parity based on the effective Hamiltonian with the spin-spin and spin-orbit interactions, however, they observe that there is no room for the X(4274), and suggest that the X(4274) corresponds to two, almost degenerate, unresolved lines with J P C = 0 ++ and 2 ++ .
In Ref. [10] , we construct the color octet-octet type axialvector current to study the mass and width of the X(4274) with the QCD sum rules in details, the predicted mass favors assigning the Table 1 : The structures, masses and widths of the scsc tetraquark states with J P C = 1 ++ from the QCD sum rules, where the superscript P denotes the parity, the S denotes the spin, the L denotes the relative angular momentum, the J denotes the total angular momentum, the superscript 8 denotes the color octet, the superscripts 6 and6 denote the color sextet and antisextet respectively. The superscripts 3 and3 for the color triplet and antitriplet are neglected for simplicity.
X(4274) to be the color octet-octet type tetraquark molecule-like state, but the predicted width disfavors assigning the X(4274) to be the color octet-octet type tetraquark molecule-like state strongly.
In Ref. [ A [sc]6 S type tetraquark states with J P C = 1 ++ are studied with the QCD sum rules, the criteria for choosing the Borel windows are different from the our previous works [10, 13, 14] , one can consult Sec.2 for the technical details. The quark structures, predicted masses and widths are all shown explicitly in Table 1 .
In this article, we extend our previous works [10, 13, 14] 
A type tensor current to study the mass and decay width of the X(4274) with the QCD sum rules, and explore the possible assignment of the X(4274) as the diquark-antidiquark type axialvector tetraquark state once more.
The article is arranged as follows: we derive the QCD sum rules for the mass and width of the diquark-antidiquark type axialvector tetraquark state X(4274) in section 2 and in section 3 respectively; section 4 is reserved for our conclusion.
2 The mass of the X(4274) as axialvector tetraquark state
In the following, we write down the two-point correlation function Π µναβ (p) in the QCD sum rules,
where
the i, j, k, m, n are color indexes, the C is the charge conjugation matrix. Under charge conjugation (parity) transform C ( P ), the current J µν (x) has the property,
The current has definite charge conjugation, and couples potentially to the tetraquark states with positive charge conjugation. The component J 0i (x) has positive parity, while the component J ij (x) has negative parity, where the space indexes i, j = 1, 2, 3. The current J µν couples potentially to both the spin-parity-charge-conjugation J P C = 1
the ε µ are the polarization vectors of the vector and axialvector tetraquark states, the M X ± and λ X ± are the masses and pole residues, respectively. The scattering amplitude for one-gluon exchange is proportional to
the λ a is the Gell-Mann matrix, the i, j, k, m and l are color indexes, the N c is the color number. The negative sign in front of the antisymmetric antitriplet3 c indicates the interaction is attractive, which favors formation of the diquarks in color antitriplet, while the positive sign in front of the symmetric sextet 6 c indicates the interaction is repulsive, which disfavors formation of the diquarks in color sextet. We prefer the diquarks in color antitriplet3 c to the diquarks in color sextet 6 c in constructing the tetraquark current operators.
The spin-dependent hypersplitting chromomagnetic interactions H cs be expressed in terms of Pauli spin matrices σ and SU c (3) generators λ a as
where the N is the total number of quarks, the Q andQ are the diquark and antidiquark respectively, and the C 3 and C 6 are quadratic Casimir operators of SU c (3) and SU cs (6), respectively. The chromomagnetic interaction H cs favors taking the scalar diquarks or "good" diquarks in color antitriplet as the most stable building blocks of the tetraquark states [16, 17] , however, it can not exclude taking the axialvector diquarks or "bad" diquarks in color antitriplet and other diquarks as the building blocks of the tetraquark states, because the dominant contributions to the tetraquark masses do not originate from the chromomagnetic interaction H cs . We need those "bad" diquarks besides the "good" diquarks in studying the higher tetraquark states. The calculations based on the QCD sum rules indicate that the favored configurations are the scalar and axialvector diquark states [18, 19] , and the heavy-light scalar and axialvector diquark states have almost degenerate masses [18] , the heavy-light axialvector (or "bad") diquark states are not "bad".
In fact, we can obtain the four-quark interactions T from the one-gluon exchange, then perform Fierz re-arrangement both in the color and Dirac-spinor spaces to obtain the result,
We can obtain the diquark operators
A Q in the attractive channels from the QCD indeed. Although we cannot obtain the tensor diquark operators q T Cσ αβ γ 5 t A Q and q T Cσ αβ t A Q from the one-gluon exchange, they play an important role in building the tetraquark currents. In the QCD sum rules, we can take the scalar, pseudoscalar, vector, axialvector and tensor diquark and antidiquark operators as basic constituents to construct the tetraquark currents, then calculate the two-point and three-point correlation functions in full QCD (not just for the chromomagnetic interaction) to study the masses and partial decay widths, respectively, finally we confront the predictions to the experimental data to examine the structures of the tetraquark states.
We can also construct the following currents to interpolate the axialvector tetraquark states with
the predicted masses are not consistent with the experimental value of the mass of the X(4274) [13, 14] , see Table 1 . In Table 1 , we also present the results from the diquark-antidiquark type interpolating currents with the color sextet-sextet structure [8, 15] . At the hadronic side, we can insert a complete set of intermediate hadronic states with the same quantum numbers as the current operator J µν (x) into the correlation function Π µναβ (p) to obtain the hadronic representation [20, 21] . After isolating the ground state contributions of the lowest axialvector and vector tetraquark states, we get the following results,
We can rewrite the correlation function Π µναβ (p) into the following form according to Lorentz covariance,
We project out the components Π X ± (p 2 ) by introducing the operators P
Now we carry out the operator product expansion for the correlation function Π µναβ (p) up to the vacuum condensates of dimension 10. We contract the quark fields s and c in the correlation function Π µναβ (p) with Wick theorem, and obtain the result,
where 
and
, then we project out the components
and compute the integrals both in the coordinate space and momentum space, and obtain the correlation function at the QCD side therefore the QCD spectral densities through the dispersion relation,
For the technical details, one can consult Ref. [22] . Now we take the quark-hadron duality below the continuum thresholds s 0 and perform Borel transform with respect to the variable P 2 = −p 2 to obtain two QCD sum rules:
where dydz = We derive Eq.(21) with respect to τ = 1 T 2 , then eliminate the pole residues λ X ± to obtain the QCD sum rules for the tetraquark masses,
At the QCD side, we take the vacuum condensates to be the standard values= −(0.24 ± 0.01 GeV) [24] . Moreover, we take into account the energy-scale dependence of the quark condensate, mixed quark condensate and M S masses according to the renormalization group equation,
where t = log [24, 25] , and evolve all the input parameters to the ideal energy scales µ to extract the masses of the tetraquark states. In this article, we choose the flavor n f = 4.
The hidden-charm (and hidden-bottom) tetraquark states qQq ′Q can be described by a doublewell potential. In the tetraquark states qQq ′Q , the Q-quark serves as a static well potential and attracts the light quark q to form a heavy diquark in color antitriplet, theQ-quark serves as another static well potential and attracts the light antiquarkq ′ to form a heavy antidiquark in color triplet [26, 27, 28] . The diquark and antidiquark attract each other to form a compact tetraquark state [26, 27, 28] , the two heavy quarks Q andQ stabilize the tetraquark state qQq ′Q , just as in the case of the (µ − e + )(µ + e − ) molecule in QED [29] . The tetraquark states qQq ′Q are characterized by the effective heavy quark masses M Q and the
If there exists a P-wave between the diquark and antidiquark, the virtuality V = M 2 X/Y /Z − (2M Q + 0.5 GeV) 2 , as a P-wave costs about 0.5 GeV. We set the energy scale µ = V to obtain the ideal energy scales of the QCD spectral densities [26, 27, 28, 30] . The energy scale formula works well for the hidden-charm (and hidden-bottom) tetraquark states, for example, X * (3860), X(3872), Z c (3900/3885), X(3915), Z c (4020/4025), X(4140), Z c (4250), X(4360), Z c (4430), X(4500), X(4660/4630), X(4700), Z b (10610), Z b (10650), and also works well for the hidden-charm pentaquark states, for example, P c (4380) and P c (4450) [31] . The energy scale formula can enhance the pole contributions remarkably, and can improve the convergent behaviors of the operator product expansion.
In Ref. [30] , we introduce the relative P-wave between the diquark and antidiquark explicitly to construct the vector tetraquark currents, and take the modified energy scale formula
to determine the optimal energy scales Table 2 : The Borel windows, continuum threshold parameters, ideal energy scales, pole contributions, masses and pole residues for the axialvector and vector tetraquark states.
of the QCD spectral densities, and study the vector tetraquark states with the QCD sum rules systematically, the predictions support assigning the Y (4220/4260), Z c (4250), Y (4320/4360) and Y (4390) to be the vector tetraquark states. The axialvector diquark operator ε ijk s T j (x)Cγ µ c k (x) has the J P = 1 + , while the vector diquark operator ε ijk s T j (x)Cγ µ γ 5 c k (x) has the J P = 1 − , the tetraquark quark states X − and X + have negative parity and positive parity respectively, parity conservation requires that 1
for the X − and 1
there should exist an additional P-wave (or 1 − ) between the diquark and antidiquark in the tetraquark state X + . We choose the energy scale formula
for the tetraquark state X − , where we have take the updated value M c = 1.82 GeV [32] ,
for the tetraquark state X + as there exists a P-wave between the heavy quark and heavy antiquark. If the X(4274) can be assigned to be the X + , the optimal energy scale of the QCD spectral density is µ = 1.2 GeV. At the energy scale µ = 1.2 GeV, the flavor SU (3) breaking effects are sizeable, we take into account the effect of the finite s quark mass, and take the energy scale µ = M 2 X − (4.1 GeV) 2 − 2m s (µ) ≈ 1 GeV in calculations. We evolve all the input parameters in the QCD spectral densities to the special energy scales determined by the energy scale formula, as the integrals
are sensitive to the heavy quark mass m c or the energy scale µ. Now we search for the optimal Borel parameters T 2 and continuum threshold parameters s 0 to satisfy the following four criteria: 1. Pole dominance at the phenomenological side; 2. Convergence of the operator product expansion; 3. Appearance of the Borel platforms; 4. Satisfying the energy scale formula, via try and error, and obtain the Borel windows T 2 , continuum threshold parameters s 0 , optimal energy scales of the QCD spectral densities, and pole contributions of the ground states, which are shown explicitly in Table 2 .
From Table 2 , we can see that the pole contributions are about (40 − 60)%, the pole dominance criterion is well satisfied. In calculations, we observe that the contributions of the vacuum condensates of dimension 10 are about 1% and ≪ 1% for the tetraquark states X + and X − , respectively, the operator product expansion is well convergent. The first two criteria or the basic criteria of the QCD sum rules are satisfied.
We take into account all uncertainties of the input parameters, and obtain the values of the masses and pole residues of the scsc tetraquark states, which are shown explicitly in Figs.1-2 The pole residues of the tetraquark states with variations of the Borel parameters T 2 , where the P and N denote to the positive parity and negative parity, respectively. Table 2 ,
In Figs.1-2 , we plot the masses and pole residues of the tetraquark states with variations of the Borel parameters T 2 at larger intervals than the Borel windows. From the figure, we can see that there appear platforms in the Borel windows, the criterion 3 is also satisfied. From Table 2 , we can see that the energy scale formula is satisfied. Now the four criteria are all satisfied, it is reliable to extract the ground state masses. The predicted mass m X + = (4.27 ± 0.09) GeV is in excellent agreement with the experimental data 4273. where
. The width Γ(X(4274) → J/ψφ) = 47.9 MeV is in excellent agreement with the experimental data 56 ± 11 +8 −11 MeV from the LHCb collaboration [3, 4] . The present work supports assigning the X(4274) to be the
A type tetraquark state with a relative P-wave between the diquark and antidiquark pair.
In Ref.
[10], we construct the color octet-octet type axialvector current η µ (x) to study the mass and width of the X(4274),
type axialvector tetraquark state with a mass 4.14 ± 0.10 GeV [14] . While the currentsĴ µ (x) are µ = 1.5 GeV and 2.0 GeV, respectively [13, 14] , while the ideal energy scale of the QCD spectral density of the correlation function for the current η µ (x) is µ = 1.45 GeV [10] 
Conclusion
In this article, we construct the [sc] A [sc] V − [sc] V [sc] A type tensor current to study the X(4274) with the QCD sum rules by carrying out the operator product expansion up to the vacuum condensates of dimension 10. The tensor current couples potentially to both the J P C = 1 ++ and 1 −+ tetraquark states, we separate those contributions unambiguously by introducing suitable projectors. In calculations, we use the energy scale formula to determine the optimal energy scales of the QCD spectral densities, and extract the masses of the J P C = 1 ++ and 1 −+ tetraquark states at different energy scales. The predicted mass M X = (4.27±0.09) GeV for the J P C = 1 ++ tetraquark state is in excellent agreement with the experimental value 4273.3 ± 8.3 +17.2 −3.6 MeV from the LHCb collaboration. Then we study the two-body strong decay X(4274) → J/ψφ with the QCD sum rules based on the solid quark-hadron duality introduced in our previous work. The central value of the predicted width Γ(X(4274) → J/ψφ) = 47.9 MeV is in excellent agreement with the experimental value 56 ± 11 +8 −11 MeV from the LHCb collaboration. In summary, the present work supports assigning the X(4274) to be the J 
